TECHISCAL FIELD 

This patent anpHcation reiaies to a circuit aiTangemetit having a switching unit. 



BACmMyUMD 

e'o;pnorcN I or cxa.uple thc\ tonncctcc t>.> *hc astcn (U *be j.'-l >lc tdcpho^ c at 
H d tonn.> - ipi * It vise? var\ir.g ^ electrical t-ht^rgc u'nu<.tv Lit .'nt^?. i x tbi!» ras 

device against E^.D. 

in higivtVequcacy scdioiis t.jrnH>bile telephones, among (sther Uinigs, cornpouc-jts 
am used that are sensitive to electrostatic discharges. Such compoaies^ts are, Tor example, 
20 surface aeoustic xvavc filters, gallituTj ax-senide switches, PIN diodes, anrplilicrs or the 
like. They may be irreversibly destroyed by the actkm of high-frequency high voh^age 
pulses such as those produced by ESD. These problems are just as rek-x-asit to discrete 
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^\^•^t^. ICS "sicv a c to fiontcnd mmx fcs v^-ti-" pi ^ ^xsiti^bna kUuo'oy\ as o. > itcy.Jii.i.d 
Uivt V s \ c ri\iss i hcsf. n'-o&Icn ^ also ooa(.cMi l^v I SO ^ o i ^.^o itn s ^ t 

f s^vt^ssh v' aniv s;\tcr"a a \e ixii^ o.* a var \!anv n^ds <*u<-UJKrv Oi Tohhc 

. V !'i li'arw v^Hr UsixU ' C'^aOO-^;:i 'hv rai,riavK'o "^^V 

10 ^ i 



C.rv' 1' <i»saiijiurc dial uic equ! -sped uith s protcUior t'c^'vc ^j^a.. i SD ^ ro 
I S natn and rni mthmmc^ n coiiuecieti hi pjyaliel. 



opv. tui^ mooo mat \crv ma n i a,ucruc that are not Uvv^a ?r ^ "lob t^kThonc 
are still allowed thix>ugh. For example, ifeqaencies feetiweea appnJXiTjjately 1 and 2 (}IM 



i Cvi itrcKN on i,>(5 bx Jk> 'j up d an' 'is^ch tu dc ^ itcrk*n-^g r u s" t' e c ^ 'x* 
filteral; out. 



SUMMARY 

^kjcttpstatic dischiarges is mliaBced, 



Between the ^errnsnal and the switching unit, The protection device includes a voilage 
5 .retemice pofenimL 



ted w^it vswt { V iHa^«, t a atiOn inJ<i\t teJuuK ^ ^jccpiunl 1t> 
0 1 ^ ^ ous Si, soli 't. ^nutiontoi V !. j\ u '^kx 

;,Ns 1 V. > sw i^xohuc Bt,o\ c u^i into 



him.. hcTt, ' thotv^huJud vohage pulses v^hose \o'uJgeolt;\<^h^?r w gjcaitn lim^Une 

5 I tiuii« possible to cu^ an <ii:oo«ij \ pK^cj ■^^t i<.„^ r^.^v.-- ;,u\ .ro j mo 

lihclui :ujrgc ihe csrcuii anoiigcmctU at>U havt a \ur\ high, ;nar1bn:ig vvc 

10 vK i 1 V a t.^ !^ *hosv signals iha* irc gr^.atta-t^dr host*. * tv'^. 

d» 5 a ^^i. 1 a? Hw cxt^p'-ile s als used to t«*a,iisit,r uitonn^liD^ I s -na t * o^mMv 
<. 5 0I <, hi i 'tci *ci vgf ais w no^e \ oHaae Je\ at c fiv <. a-^s u 
^ ■> n J i^xtj ^un n Vna^d lead of lu u anai^gt i i c-^ vi.<.l ins? hv. 

.hi,r<.i«. uiv^ po I i^^ouu po<^ii ?i io x.\ij-npv t t. 

should be noted thai m the case of inobiie telephones, for example, there ii; bo ground in 

V v.. V -ill I'Nle i. iUK ( ^ } L <. U i 1 5 ^ i.t i 

20 V. 



SUBS 1 n I K< U-iiMU}\: VI. EA^ MvRSION 



v>hv$i, mscrinn lo^s k\s^ fhaa 0 i dS Such a ps^jtectiou ao i4.e "^uo the u'\dn\^gc ihsx 

^ " ^ ^ " " ' ^ ^ i N '^ed, it IS ix>sMb!c to ^i ^ . ' * 

i u^\;,..s . ^ ^ . ^ ^r? ii «tT pi can u-npioxt; jm^ the si.' u s . 

time and the traiismisj^ion ijuaUjy of mfomiation, 

In o-'r, «n^. I :rc ^ io-nt arr<mgs;nier!i, L'k' 'igi; HsroiUition element has 
caruv ■ c k».% Ci . i pr : h.-. mskc the parasUsc CvSpictiancc of tac voU.u;c 
10 LirsiUUiOi's ciancs^t low ciuAsgh to prevent an intenercncc of iho useful sigi^als or the 
u.^crul signd> iri->ni hciw^ /tr4.Higly attcmiatcd. 

For example, a gallium arsenide do lible diode is suitable s.^ a Voltage iimilatioi^ 
©lemern. 

15 

Bueh/a dqubk diode may be integratoi in tlie cif cdtr>' of the circmt ammg^mofit 

5 . . > ,v w I .-.V .ad <.,-rtvUoo J 0 iOtO'^Uv* ,x uut Jio 

xo'Ugv' *^5r:ut:or t^ctrxnt 'I nss restu!t<j m the voltage hn'ttaiior ol^'nonl bang .'tniucclcd 
30 \-tuai\ J) fa:a'Jd \' ihc s'gna! lead 



^nf!.\<Cv' n p r^,5;;i <o *h^. j'ls V 4>Hagi' hi iKy^'o 1 \*'cf?e t h Jhij^ case u :\ 
ekments, 

5 

The second pi-otecti ve dement may be, for example, a spark gap. The use of s 
sp&tk gap is m paiticiil ai' adviintage6us becsijse it 'can be sasiiy mfcgrate<i in 8 ceramic 
mu|tjky^-#il»ti5aj0, ..m^ng it possible to improve the integration les^el of IM circuit 
armngemeiU advantageously. The spark gap isS in paiiicular: suitable if the switching innt 
10 contams piTi diotlas, 

CoTubiuing iho Tir^X Noitage Hmitatian dement wiih a second proieciivc elcmcai 

vh^waiov. .r-iJ .i fuio pr<''v.vu<«i, it a galhuuj ar^cntdc aoiu>.v c.vcc j,s u^ed iof tVe rrst 
1 5 oltai^e limiiaiit>a dement, this may be considered a fmc proteetit)^ for the circuit 

aixa ^gc neni. Accordingly, the second protective el<aiicnt ma> assu -no the funcrion ofthc 
CO 5TS. M,,-^ -j^.s cv^nticction. the \ ^ - o.- o - -o'l- - ^ ^; o ; s - ; ..s 

A ; A bcin^; .apahle of iHnvjng through iic f ejL\ msu ps sr^cin ^. v ..^lo.u v I - 

loxver v-o»-ronis shi uUI ihmogli the \oltuge liuiiljitioii elaiient that rcprcscms the tine 
20 pfOtection, 
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U.S. As>piiv!ii«!nNc, Kj/5 >6.; 

in iUH)tbcs. cmbod-mcm of uic cnciui anangosuiiuL irc .^v.x^>iu] pu>Jjc''\ -erio- 
may be a polyn^cr suppresscr. In this polymer suppressor, an additional electrically 
conductive; polv-nicr is erabcdded in a spark, gap, the poh'Tner changing its electrical 
coBoociivity with the aj^lied voltage. 

A oiu th^. i^uiboiUxtiKt \ ol \h^' <.rcu t arr^t^goment the '^oum C Mi>kci' ^Lpk? 
he s\ v-\tHtAgv wirporent x\ ^onc paraMtJ^, ctpai^'tar i^oc*x not c\ue&^ ' '^>1: 
S cK? ' 5 5 ^r > ^ n ! s 'X ^ u^vvt Mir vjlmcous. \ mik> lh<, 

"t.-i u-su 5r-utK 1 k u>r tiic ses^u id piu*c<.ti v c tlencu* 

A var islor may l?e csnsides-ed, fer sxample, ss an ©vervoltage; component, 



In :uv-f|R'r omhixiijncni id' -he Circuit lin-aniiemcnt .;-,n induk'tivc olojni^nt i-i 
prv)% iJcd .iK ■.ix: HCCi>-u.i prtncodvc eici^icnl, li is advaTU;igcx>u.s ilMsc liiducdvy cIcj'skml!. .i 
15 greater than 1 8 xiH. In this cJtse, the second protective element has an adequately low 
inscnion loss. 



in ;.5udiiloi^ 10 the galiimn arsenide double diode, aiiy other ovt-i-voluigc 
component whose p;$rasitic capacitance is lower than 1 pF and has a switching vtHtagc 
20 lower than 200 V is siiitable for the .first voltage limitation element, .A.d viuvuigeously, a 

S V, s\s'\, t, ^ (),t jge I * he *u^.t ' .M%\ion e-" v n oV i i. is i j » 



^ ^ S v\ 

Aiiib. ui^vV 11 w!,\vf tmuv becon\idc v.d lkMi<. j>»ei' s at >.n«. 'sv 

5 ^ Oit $JC Ui. y V *5 SOk«.„>w 1 5 a <)5 liU I ! o'du * •> 

svti K * tun Dvi'u* cclcr o}&t«-L '.clohJ p cv^i%c i,L^\ cj * 

10 

ia another gsnbodioieat of the circait ammgsimest, one or a plimillty ol^ QoUmi 
leads is prov#e<l to control the .swiicjb: positkra of switcMtig usiit Each cositrol lead is 
advantageoisslY, hat tkii neciis^miy, mmiect&d t& & •s«JfcOiieda^y pjotectibn. device--8jgaiast 

high volt:ages> 

15 

emb<3!diment of tlie drcuit amuigciiient has tlie ad^asitage thai it ife also 

ir:UTji.=!\,n^.c pul-;c cn!i;r;;n:. si^c cs-curi ari;sngcnjcnl dircctr^ \ ia the knriUi;u, au 
C!Octn>sU"ific discbarge may also generate a liigh voltage at tJie ckcuii arrajigcjnent via a 
20 ground coupiir^g or via a coupling Ihrough the coTnmori rcfcretjco polcutial This njay 
re>?iilt, Ibr example, from lh« coniroi input ordinarily used in a switch beitig eiihcr al a 
high pottmtial or at a knv potential. The Mgit poteTatial is delin<?d in tlnat it is, for 



Si. 5 I ii U i 1 } J i U i. <_ 

s h k tc «, It u t ?s 1 US o*liwr dw. i<^v,'^ hasct o i ■^i .^js i u s i ^\ \ ^ 

a drcuit arrangeniei-st mentioned above, n is also possible io cause m electrostalic 
^ U \ ■^^ s >. j-o n L i)oku n! 0} 5. V, n ^, v v * s t 

V I ^lii, f v.onl'-oi Lad to ground \ a tiit co ^ditJO'^ h ^ t k o'* ^gv arsirs-, 
! trn 'T ><!>taiti, di*=v urge i ia> liso act t) \ tiK uam* s^rr sit-ntn i^Uvuxrtoj 
w&d in mmmon lo the path vsa the antenna. 

10 in one: evnbodimeTU of Hie drcuit arrangement, a supph lead is provided for an 

b'perating voltage. The supply lead is advanlageoush% but no? neccssariiy, ajnneded to a 
secoiula^s p^j^ccuo J dc\ .ct, 4'a\ist eieetrostatic discharges, ll^ist which has already 
bco'i I ^ ^ 1, e tjnjy the control loads also applies to possible iaterference 

polen . - . , V -^pru eul 

15; 

In afs embodimtsnt ol the oirGiik arrangement, fw© fm\d effecrtransmo'-^s arc 

■<..>.>:k'cis ruv.' 'AT-u-nal lo a Mgnal loud l:ach gaie of each iidd ct:eci trat^suuor t,s 
connected k> a control lead, FurthertB<^re, each gate is connected iv> a ^econdarv 
29 pTvUv-viitn} dc^ ice againsi eiec$Tostaiic discharges 



oioTicu* bavmg a ^svvHchsng \5s'tagc iowei than V A \-it»bto; oi a '-crcj d5*^dc 
U>' cx«\ip ^. .r.av I'u C'lJiM^c-cc t\<} this purpose 

rcicsettcc putcsiliul, the poitiailar % oJtagc limitaUon clemciits of the ^ca>:Kiar> prncction 
devices are- cosiiiccieti to the reference potential, 

10 to v'p' (('K' i. .c.i o VjXWi or ^^xM^"i;5V .\ isi.< v;.<„u>>. asuj i o Ine use of the 
circuit tUTargctiieut m e: mobile telephone ls s%gcmd in particular hi this esse. 

IS 

ti * ht.ni 0 V I 'It* jiCfiiis It ] c -^^Mivh iig t ni 5 ;~.asjvs ii,a'>ia- i-^vruaf 

20 In ajK Jiher embodinient of the dvc^iit atTaagenient, tJie switching unit and the 

pnjnan- protection device as well as the secondjiry protfctiat) dsjvice, if necessary, -nav 
be integnited in s muiiilayer coKsmic substrate. 1'bis can ii-scrcjise the integration level of 
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ihc i-ircui? ;;!rangcEr;C!U \ ci-y clicciiYely, which is of advimtage in mobile appUcauor$s hi 
mobile radio telephony m particalar. 

rhc \ arious embodiments are explained in gmner detail with reference to 
5 associaied %wes. 

DBSGRirnOI^ OF THE DRAWINOS 
r iiiu-c- ( shows an exainpie of a circuit arrangement in a schematic 
reprc.scniut:\>n. 

10 Figure 2 shows m exempiarv' embodiment of tlie primary protection device a 

schematic representation. 

Figure 2a; shows anotiier exemplary embodiment of the pnmary pixsteetlon devke 
in a schen^atic reprcscatalifsn. 

rigare 3 shows, uacubcr exmr.pie (si' the circuit urrunge^rieju sn a .scbcmatic 
15 mpresimtalion, 

i-igure 4 shows another exiuriple of the circait iurangement in a schematic 
represcniaiioti 

hi ihv.- iigurcs, si siuuiid be noied liuit elements; ihai arc ^iirular to one another or 
perlbnn the $imc function are denoted by identical reference symbols. 



20. 



DETAILED DESCRfPTKyN 
Figure ] shows u circuit an-angement having a terminal i , whicl". is j^uitabie ai-j 
iapiit or oulpLit Ibr a high-fj-equcncy signal. In addition, a switching unit '3 is provide^i, 
which optionally connects terminal 1 to one of signal leads 21a, 210, 21c. 22a, 22b, 

5. 

A jjrimary pfotecticm deviee 41 «3tmnected to reference poiantiai 7 is pn.mded 
between ternnnal 1 and switching unit 3, Control leads 91 , 92, 93 are provided for the 
ctiiUr;.;] of swi-ching unst 3. Control \oliages VCI, VC2, VC3 arc applied u> control leads 
s?K ''2. 0.^ f.iicb in'c.-sr-roi leads 92, 93 is coiiiiected to a secondary protection device 

10 ■L^ rau'I'! o; poiCv.-i!r;> ut-x ices 42 i;5 connectc'd lo reference potential 7. Scc«iidar> 
protection devices 42 are formad by voltage iimsiaUon elctnent^ 53a, 53b, 53c. "Tht'se 
may be, tor example, varistors or Zener diodes. The use of a multilayer varistor having a 
-v.\v ^o' .v^ov. 'Ji^ .:o'*^ioo!cd !r * v' . [ '1 t sj;-^' ^ 

lc<-d ' t\! ;;!i>v siku v\iuvh >v.>pf hoN oporatJ'-sg volui|;e \ i C to .^SMteh.ng u-sn 3 aod i^ 

1 5 also provided with a secondary pnneciion device 42 in the form of a voltage limitation 
elemem 54. Secondary ptx>tection devices 42 are needed in particnlai- when .s\^itcnir,g 
uiii* 3 cOLitSiiiN u galliun-s arsenide sxvitcl^. In the event that switclursg u;-h .-■ -.'v^-itasn.s '■• 
i-'lN diodes, secondary proieetion devices 42 may be dispensed with. Signal iead^ 2 "ui, 
21h, 2ic may, for example, be assigned lo the Rx paths for the reception of signals of a 

20 mobile telephone. Aecordingly, signal lines 22iL 22b in the Tx path may be a,ssigr\ed fen- 
Nieiniing radio telephony signals of a fnobilc telephone. 
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^ X) u \ 

frafuuiKv sigr>al ouipuL Fari5cu!ar oi^nsidcratioii is gn tin U> conducting the GSM ^iiriah 
lypicall) used m mobile tt;iq)hoiitt.s into s\sitdiing unit 3 via external tcn^dssi)] I or lo 
send them Irom swiichtiig ami .3 to the outside via teminai i, 

] ip.u-'o .vicv^ s b. acUiled a'prcscntaiioii. of ;ni!nvi;> pioicctson dc\ uc 4 1 o:' !':j^ur 
I. lin indiculcd here, for example. i:ow primar> protection device 41 T«a> be designed. 
Ir. tliu example of Figure 2, primars protection device 41 has 8 Icsd 6, L,ead ^ conBcct?; 

1 50 o\Lru])i^' lU'iniiure 2, 5- a ^aliurin arsenalc double J^vMc .invl s?, Jv.-s;i.<iicd i^nps) 
diode. Such a d'mk hiw du antage that it ctm be inanufacmred to hfu t a jj-vs utinng 
^ (dtago lower than 100 V. Furdiennort\ it ij* possible a> manufiscture ^uch double diodes 
:o ■s.ixu .\ :r.Nj:i,.-!r5 'o-^.s than 0,1 dB. Furthermore, it i^; po-.c-;'5k in u\\v^L:i\-:\-\i. 
u--i.;Mc 0.50COS iii^ ;>fo ic u\e a para.sitie capacitance less diari i>. i pF. Su^wC, 
LKW! J'.n^.' : \ i>.lage hmilatiot^ element 51 is in a parallel drctut to lead 6. the 
toud capaeUiUKo t>f\ohage hmiiation element 51 a^ntributci lu the pai-asiiic capaciiance. 
\'-.-«]tage limiuuion elemetr^ 5 1 is eonnecieJ to ret'erence putenujii 7 Furthctnore, it ts 
also eohceiv;5l>1e to use a pmip double diode imteid of the ixppn douhle diode. 



f fi particular, a gallnnr aiseiudc double dio4c h&\ sag a :tv>ng v olta^^c )ct\^ ot; ■) 
M) iind 100 V is usai as? volug^ lumtm&n element 41- 

5 X^vi'" J, 4. i !i,UxO ~* \. ^<roJ <T onixHhoK'K* < ■> > j.\ \ j vio 

dc\ '<.c I In '^(Idim: to \ okagc hsnjutioB elcTncm " ^ , another protcctn c cicriv'^nt ^o."" 
j.\u\u\(i li iS no\\ rot sieccss<iry fox piotoctnc dement "^2 to ?c a atn^xaient uixiuj,' ^ 

io;uieclH ^ to reiereicc potc lUai as d result of v^i ich a t'trte 'low cu re it is 
a>nnoctc<j bct^cei ;enni lal ! and rcforecc^ potential *? 'n an> CftSv" C'os scqucntJ>, it 

5 ^ >^vnc 4 ;r tir.v ''ogaid Ilov^excr, it mav ali-o be a tx>lvmer i^uDprossor Fut'^ic'^norc, a 
co\ >s akt.n c.>nM<leralK>i-i, thcr Uiict^nce of « hicli 5t> gi-yate" thar !S H theses 

vOi ^» <v<.^tv> ^ }Cl \Lor * lit t\^o prulv'C.ns; elcniv^nls 5' ^2 i\ \tivc\ k^^K^ o 



0: 



This results lb jsn L€ comporiept thai is Ibrmed from Itoe coil and capadlssr By 
m &4&qms selection of the capacitanee, whieli should be greater than 22 pF i«)d pF 
is one e.x:.epiplaj-y embodimait of tlie drc«it arrangemept, it is possible ; for the LC 



roiv(.i \ V c ^ ha^ a i j iduct. ivi. of ^^6 nH ir ths. io n n v ^ k\ ^Vv^, ^ 

Sta -ida a IK »'iOO() 4 2 t ttvlnch HpprtN 1 bO pu to 8 &\ \ h^kn\ tl t 
Hi.il ih i,^ ok ttl *l a)n^po^5^,nl^ s1io\\p otl cn%i e in the Tgafts 



imv.r*b 1 f \ i iv niu^v hi\!,dsv%i vnn^> all gci»u* is ^%vruiT % \ it 
- %i Itd^tN r* as be et, i,"U U c « be mwcr ih i i- «l I ^c<.u s*. th^ 

^ (. M O I N \ ^ U 1 

1 5 moDije leleDmoe is operated. 



Figure 3 shows another embodinieDt for a circuit an-arsgement in which a 

20 

fiolu oiKv^ fa£rfis!vns III. 1 L- arc fJO\ idcd. Lach iL'Li cfkv! trar.^ssjor Hi. 



U.S. ApplicaiiOK No. i 0/536,27 !■ 

v<n s ct>*yoni\vz iidtc ^ "'^ 1 , > '?2 Brc^'^ distance? i 2 P:? vX^s uxv^* Vri^-^r.a ' a ^ ^ 
'o .d a i v*cn <>atc PI, uiimcv-lui lo a urnso' oHsfc ( 1 \ ? 

\ V . istois I', .V r pan cornoc'cd lo iclcren^^e potentiai " k r^^} also Do »t.^'r i-or 
I gure ^ ihat n.,sit'ail ol tl-c nppi doooie diode of I iguic 1 and I igu:e 2 \. Ck" ubi ot 
mn]j mxthh diodo m pnmary protection device 41 isaiso consiclei-ea, 

i 0 Field effect tj-ansistors 111,112 iliat are shown in Figaxc 3 may also be, for 

example, a gallkitn grsenid^! switch, Accordingly, it is advantageous if field effect 
t-raasisiors 1 s 1 , 1 12 are designed based on gi^llium arsenide. 

i .m.-Csi^sv-jc, v'\v'.np:-;r^ sv, jichnstA unri .na> u;-^v- con^UL ,^k\c t>a;:: 'vo ^cld 
15 effeci Iransbtors. In this case, each gate of each transistor must be comiectai m a 
secondary protection device. 
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'With & maximum signal voltage of approximately 30 V generated in live mobile 
telephone when doable diodes are used, the chamctenstics of the diode i tst'lf make a 
switehinU vdhagfe ol^ appmijiimately 30 to 60 V noc^^ffy. 



ISM. AppWcmm No, iO/S36J7; 
i I I ^ ^ ? "UK t ^ <. 

10 ■> ii,^ hM ?^ tkUro tat V ii'^vl iNicvC'.su^ 
What ijs cMme<i b: 



